Summary. The rates of oxygen consumption and fructolysis were measured in suspensions of washed spermatozoa at concentrations ranging from 1 \ m=x\ 109 to 7 \ m=x\109/ml. Within that range the respiratory rate was independent of sperm concentration, provided that the oxygen diffusion was adequate. Similarly, the rate of fructolysis under anaerobic conditions and constant pH was not influenced by high sperm densities.
INTRODUCTION
It has been stated that an increase of the sperm concentration in suspensions containing more than 109 cells/ml results in a decrease of the oxygen consump¬ tion rate (Winchester & McKenzie, 1941a; Henle & Zittle, 1942; Bishop & Salisbury, 1955) . Various explanations have been offered to account for this phenomenon. Henle & Zittle (1942) , Lardy, Winchester & Phillips (1945) and Rothschild & Tuft (1950) attributed the decreasing rate to insufficient oxygen diffusion. Henle & Zittle (1942) proposed an additional explanation, namely, that the effect of 'crowding' at high sperm concentrations may depress spermatozoal activity and hence lower the rate of oxygen uptake. Bishop & Salisbury (1955) found that even when they increased the ratio of surface area to volume of the sperm suspension in order to ensure adequate aeration, there still existed an inverse relationship between cell concentration and oxygen uptake per cell; they suggested the presence of a metabolite or of a specific metabolic inhibitor associated with the sperm cells, which affects the rate of respiration.
The question whether high sperm concentration in itself affects the rate of sperm metabolism is of particular interest in view of the high sperm concentra¬ tion (5x 109 to 10 109 cells/ml) prevailing in the epididymal semen of rams and bulls (White, Larsen & Wales, 1959; Bennett & Rowson, 1963; and un¬ published observations in our laboratory). It may also be questioned whether in the presence of such highly concentrated sperm suspensions the technique used by Bishop & Salisbury (1955) (Winchester & McKenzie, 1941b) to be optimal for the metabolic activity of ram spermatozoa. The fructose concentration in the washed and diluted suspensions was negligible, and the motility of spermatozoa appeared to have been unaffected.
Oxygen uptake
This was measured manometrically by the direct method of Warburg (Umbreit, Burris & Stauffer, 1957) at 37°C in duplicates. The shaking rate was 110 strokes/min. The gas phase was either air or oxygen. For the latter, the manometer-flask assemblies were simultaneously saturated with oxygen at room temperature and then transferred to the Warburg water bath. Preliminary experiments showed that the semen lost some of its vitality when the various operations necessary for flushing the system with oxygen were carried out inside the warm water bath of the Warburg apparatus. Readings were made every 15 min for 1 hr.
Fructolysis
Fructose was added to the washed semen samples to give a concentration of about 11 mg/ml and the samples incubated for 20 min at 37°C under anaerobic conditions; the pH was maintained constantly at 7-0 by automatic titration (Nevo, Fructose concentrations before and after incubation were assessed, as described by Mann (1948) , in duplicate samples. A cold solution of 10% trichloroacetic acid was used for deproteinization (Erb, Flerchinger, Ehlers & Gassner, 1956 (Fédérer, 1955) .
RESULTS

Oxygen uptake
Three experiments were carried out. In Expt. 1, which included four repli¬ cates, the oxygen consumption was measured in 1 ml samples of four suspen¬ sions with different sperm density, using Warburg flasks of 9-ml volume filled with air. In Expts. 2 and 3 the following steps were taken in order to increase the oxygen diffusion. In Expt. 2, which included five replicates, the ratio of surface area to sample volume was increased by using 0-5-ml Experiment 3 showed no difference in oxygen uptake between the samples incubated in oxygen and air so long as sperm density was lxlO9 or 2xl09 cells/ml. However, the presence of oxygen significantly enhanced the oxygen uptake at higher density levels (4 IO9 and 7 IO9 spermatozoa/ml). The effect was very pronounced at the density level of 7 IO9 cells/ml. Fructolysis
The rate of fructose disappearance (/ig/109 spermatozoa) was lowest in the samples containing 1-3 IO9 spermatozoa and that of lactic acid accumulation was lowest in the samples with 7-1 IO9 spermatozoa/ml (Table 2 ). In all, however, no significant interaction of sperm density order of examination of the different samples was found.
DISCUSSION
It appears from our results that the rate of oxygen uptake is not affected by sperm densities up to 7xl09 cells/ml, provided that the oxygen diffusion is adequate. This finding confirms the assumption made by previous investigators (Henle & Zittle, 1942 ; Lardy et al., 1945) that the decrease in the rate of oxygen uptake by the spermatozoa at high sperm densities was due to insufficient oxygen diffusion through the samples. Rothschild (1948) and Rothschild & Tuft (1950) , working with sea-urchin spermatozoa, found that 'the oxygen uptake of dense sperm suspensions (>109 sperm/ml) is altered by changes in oxygen tension' and that 'in very dense suspension (>5xl09 cells/ml) the apparent low oxygen uptake per unit quantity of spermatozoa is mainly due to inadequate oxygen saturation of the lower layers of the suspension'. All in all, our results suggest that it is not necessary to assume the presence of a specific factor associated with the sperm cells to explain the reported inverse relationship between the rate of oxygen uptake and the sperm density.
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